Proteinuria following burn injury has been described by a number of groups.l " The pattern of protein excretion in severely burned patients is biphasic, with an initial proteinuria including albumin, which resolves within the first 24 h, and a second protein peak at 3-5 days post injury; the latter peak exhibiting some features of a tubular lesion.j In a previous study we have demonstrated that this pattern is not peculiar to burns victims, but also occurs following non-burn trauma." The second urinary protein peak occurring in severely injured patients is generally associated with sepsis, and is coincident with the acute phase maxima as evidenced by serum c-reactive protein. " Various mechanisms have been postulated for these changes in renal permselectivity following injury including the effects of the reninangiotensin system, some involvement of the inflammatory response.f the co-filtration of tissue proteins such as myoglobin or release of toxic oxygen metabolites," and damage to various organs by the release of lipid peroxides from the burn injury. ' In order to characterise further the changes in renal handling of protein and attempt an explanation, patients following burn injury and non-burn trauma were studied intensively over the first 36 h following injury, and daily for the next 6 days. Measurements included serum lipid peroxides, renin activity, urinary total protein, albumin and myoglobin.
Materials and methods

PATIENTS
All patients were admitted to Birmingham Accident Hospital, where they were catheterised and an initialvenous blood sample taken for cross match and where possible, renin and lipid peroxide measurements. The delay between injury and admission was between 10 and 130 min (mean 51 min). In most patients 4 hourly urine collections were made for the first 36 h followed by 24 h collections for the subsequent 6 days. Urine for total protein and albumin estimation was stored at 4°C, and for myoglobin measurement at -200C. Where practicable blood specimens were obtained at 4-6 h intervalsfor the first 53 36 h, then daily generally at 0930 h. Blood specimens were centrifuged immediately after clotting had taken place, the serum separated and stored at -20"C. All burns injuries were equal to or greater than 15% body surface area. Patients were transfused with 1 to 1·5 L of alternate plasma or Dextran 110 for each 10% of the area of body burned. Half of this solution was given in the first 8 h post burn, and the remainder in the next 16 h. ll Trauma patients were resuscitated with crystalloids, plasma or whole blood as required. No patient in either group became anuric, or showed any features of renal insufficiencyduring the study period. At approximately 2-day intervals urine was investigated for the presence of pathogens and at no time was a significant growth noted. Tables I and 2 give a brief description of the patients studied, their 
Results
Urinary total protein and albumin excretion for burns and trauma patients are shown in Figs I and 2. The mean (SEM) total protein and albumin excretion for trauma patients during the first 4 h were 160(45) and 52 (14) mg/mmol creatinine falling to 27(12) and 12(4) mg/mmol creatinine respectively by 20-36 h. Two trauma patients (20 and 23) showed recurrent rises in total protein and albumin (Figs 3 and 4) . Burns patient's initial proteinuria was not maximal until 4-8 h post injury with mean (SEM) values for total protein and albumin of 141(31) and 40(10) mg/mmol creatinine falling to 32(11) and 12(5) mglmmol creatinine, respectively by 20-36 h post burn. Myoglobin was not detected in urine passed during the first 36 h by eight trauma and eight burns patients alI of whom showed proteinuria and albuminuria during this period. (Detection limit 10 mg/L).
During the first 36 h burn mortality probability was positively correlated with maximum total protein excretion (r=0·627 P<0·05 where r is the correlation coefficient derived from least squares regression), but not with maximum albumin excretion (r=()·505) or with maximum serum lipid peroxides (r=()·122). In three burns patients (3, 6. and 10) there wcre secondary rises in total protein between days 2 and 4.
Mean(SEM) renin activity on admission was 4·3(2·3) and 8·3(7'2) nmol/Uh for seven burns and five trauma patients rising to 30·1(23·4) and 32·6(17·4) nmoVUh respectively 48 to 72 h following injury ( Fig. 5 ).
Mean (SEM) serum lipid peroxides in burns patients rose following admission and reached a peak of 3,8(0· 7) umol/L between 4 and 8 h. four of which were greater than the upper limit of normal ( Fig. 6 ). Although patient 12. with 75'Yo burns who died within the first 12 h folIowing admission, showed the highest levels of lipid peroxides there was no correlation between either burn surface area or mortality probability and maximum serum lipid peroxides. Mcan (SEM) lipid peroxides felI to 1·()(O·3) by 16-20 h.
Following admission lipid peroxide levels for trauma patients werc well within normal limits. but rose to a mean (SEM) of 6·()(1·2) umol/L by 12-16 h with individual peak values occurring between 16 hand 7 days post injury. Patients 20 and 23 with recurrent proteinuria showed large increases in lipid peroxides (Figs 3 and 4) .
Patient 20 suffered multiple injuries. the severely ill and required mechanical ventilation. During this period he suffered several complications including a pneumothorax and pulmonary oedema. Patient 23 with multiple leg fractures and massive tissue damage de-veloped a toxic confusional state. which corresponded with the increase in serum lipid peroxide levels. Amputation of the leg resulted in a marked improvement in his clinical condition and a fall in lipid peroxides. 50 8
Discussion
It has now been clearly demonstrated that the proteinuria following burn injury or trauma is biphasic, peaks occurring at 4 to 12 hand 3 to 5 days.2.5 Various mechanisms have been postulated for the initial short-lived proteinuria• including the action of the renin-angiotensin systemr' co-excretion of myoglobin," and the generation of toxic oxygen metabolites. 5
The present data make the role of the reninangiotensin system in the initial post injury . protein leak questionable. On admission. six out of 12 patient's renin activities were within the recumbent reference range. at a time when urinary proteins were high. and when urine proteins were at their lowest 24 to 48 h post injury. renin activity was at its highest. In general our results accord with previous findings. Griffiths et af. 12 found the earliest renin elevation was at 2 h for a patient with 80% burns. and 6 h for a patient with 30% burns. with peak levels occurring during the first 5 days. Molteni et af. 13 found renin levels of <8 nglmUh on the day of the burn. rising to 40-50 nglmUh by the 5th day. We are not aware of any previous report of renin levels during the immediate post trauma period. The very high levels of circulating catecholamines and cortisol reported in burns patients" may supress renin release initially. The results of a delayed renin response are consistent with the observations of Hinton et al., 15 that sodium retention following burn injury does not become apparent until 2 to 3 days after injury.
Co-filtration of myoglobin at the glomerulus and competition with filtered albumin for proximal tubular reabsorption seems unlikely since in 16 patients (eight burns and eight trauma) with marked albuminuria. myoglobinuria could not be detected.
The possible role of toxic oxygen metabolites in injury associated proteinuria may involve a variety of mechanisms. Reperfusion injury of the kidney (involving lipid peroxidation) which has been rendered temporarily ischaemic during the shock phase is one possible mechanism. II> This explanation seems improbable since none of the patients were anuric or oliguric . immediately following admission. and renal autoregulatory mechanisms are likely to preserve renal perfusion across a wide range of perfusion pressures. In burns patients Hiramatsu et al.S cite the burn injury as a source of lipid peroxides, which may be regarded as a 'burn toxin' causing damage to various organs and permitting the leakage of enzymes into the plasma. The consistent rise in lipid peroxides in the immediate post burn period might represent release of lipid peroxides from the burn injury itself, but we could show no correlation between burn surface area or the mortality probability of the burn injury and the peak values of lipid peroxides: In addition, many of the peak lipid peroxide values were no higher than those found in normal subjects. A third possible explanation for trauma associated proteinuria is that it is a manifestation of the acute inflammatory response.
Tissue injury may be accompanied by a biphasic increase in vascular permeability. the first lasting only a few minutes, the second develops 3 to 6 h later and is associated with leucocyte adhesion to vascular endothelium and migration of blood cells into the extravascular space.'? Recently activation of neutrophils in this second phase has been linked to the release of products of excessive free radical activity in experimental burn injury in animals. Changes in lung vascular permeability 3 h following thermal injury have been well described, with coincident increases in circulating reaction products of free radical induced lipid peroxidation. III These changes in permeability can be reduced by depletion of complement or neutrophils, or by pre-treatment with free radical scavengers catalase and superoxide dismutase supporting the putative role of complement activation, neutrophil activation and free radical~eneration in burn associated lung damage. 9 Increases in vascular permeability following injury are not confined to the lungs, since a rise in capillary permeability to albumin has been elegantly demonstrated by Fleck et al. within 3 h of surgery.j" The association between glomerular and overall vascular permeability to albumin has already been demonstrated in diabetics with microalbuminuria.I' We suggest, therefore, that a plausible explanation for the rapid and reversible change in glomerular permeability following burn injury is that it reflects the action of blood borne components of the acute inflammatory response on the vasculature in general. Lipid peroxides themselves may not be mediators since serum levels were frequently within the reference range, and no quantitative relation existed with urine proteins, only a similar temporal pattern.
The urinary protein pattern in trauma patients showed consistent differences when compared with burns patients. The initial protein peak generally appeared within the first 4 h, and had faIlen by 16 h post injury. Major trauma in contrast to burn injury could be considered to have a more immediate systemic effect, thus factors associated with the initial inflammatory response would be expected to reach the systemic circulation (and hence distant organs) more promptly than a superficial burn injury. Thus our failure to demonstrate a peak protein excretion immediately after admission as in burns patients, might be because it occurred during the first 4 h of the initial urine save. Despite the variability of response of serum lipid peroxides foIlowing trauma, very large secondary increases did occur in two patients suffering complications which were associated with large increases in urinary total protein and albumin. We speculate that these changes might represent the effects on vascular endothelium of a severe inflammatory response.
In summary, we have demonstrated that the reversible proteinuria foIlowing trauma or burn injury occurs within 4 h and between 4 and 8 h respectively. and is not associated with myoglobinuria or increased renin activity. In burns patients the proteinuria maxima coincide with peak levels of serum lipid peroxides. In trauma patients very high levels of lipid peroxides sometimes occur at a later stage in loose association with a secondary protein leak.
